Technical recommendations for in vitro susceptibility testing  by unknown
Technical recommendations for in vitro 
susceptibility testing 
STANDARD NO. 1 : 
DEFINITION OF THERAPEUTIC CATEGORIES 
1. Purpose of classification into therapeutic 
categories 
To guide the suitable choice of antibiotic treatment, 
bacteria are divided into three categories: strains 
susceptible to antibiotics, strains resistant, and those 
of intermediate susceptibility. The categories are 
designated by the initials S, R and I. There have been 
changes in the interpretive criteria, particularly in the 
category of intermediate susceptibility. 
2. Susceptible 
Susceptible strains are those for which there is an 
acceptable chance of therapeutic success. Treatment 
with the recommended dose of antibiotic by the 
systemic route is expected to have a clinical efficacy. 
3. Resistant 
Resistant strains are those for which there is a strong 
likelihood of therapeutic failure. No therapeutic 
benefit can be expected whatever the treatment. 
4. Intermediate 
Intermediate strains are those for which therapeutic 
success cannot be predicted.' 
STANDARD NO. 2 : 
METHOD OF DETERMINATION OF THE MINIMUM 
INHIBITORY CONCENTRATION (MfC) IN AGAR 
MEDIA FOR FAST-GROWING AEROBIC BACTERIA 
1. Definition 
The MIC is the lowest concentration of a series of 
doubling diiutions of an antibiotic that achieves 
inhibition of visible bacterial growth.' 
It is a means of predicting the effect of anti- 
microbial treatment on a given strain. The result is 
quantitative but can be made qualitative by assigning 
the strain to one of the three interpretive categories, S, 
I or R.3 
MIC determination is the standard method for the 
measurement of bacterial susceptibility to antibiotics 
(WHO Report 610). It is thus used as the 'gold 
standard' for the development and trial of other 
antibacterial susceptibility test methods. 
2. Culture media 
2.1. General Remark 
The media are poured into Petri dishes. 
2.2. Mueller-Hinton agar medium 
This is the standard culture medium. it is used for 
the determination of the MICs of Enterobacteriaceae, 
staphylococci, Pseudomonas aenrginosa, Enterococcusfaecalis 
and fast-growing aerobic bacteria such as Acinetobacter, 
Pseudomonas and Branhamella. 
The formula for 1 liter of distilled water is: 
Beef, infusion &om 300 mL 
Acid hydrolysate of casein 17.5 g 
Starch 1.5 g 
Agar4 13 g 
On use, pH must be adjusted to 7.350.1. Various 
manufacturers supply the media in the form of 
dehydrated powder. 
The Ca2+ and M$C concentrations of the ready- 
to-use media must be 50 mg/L and 25 mg/L, respec- 
tively. 
To determine susceptibility to sulfonamides and to 
trimethoprim, the medium must have a thymidine 
concentration lower than 0.03 mg/L. Commercial 
Mueller-Hinton meha should be suitably thymidine 
depleted. Nevertheless, lots should be subjected to 
susceptibility testing by the agar diffusion method using 
the reference strain E .  faecalis ATCC 29212 (CIP 
103214). 
If this strain is susceptible to trimethoprim or to 
sulfonamide/trimethoprim mixtures with no colonies 
within the inhibition zone, then the medium is suitable. 
If microcolonies occur within the inhibition zone, add 
5% of horse hemolysate. If the strain is resistant under 
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these conditions the medium cannot be used. The agar 
should be from 3 to 5 mm deep.5 
After preparation keep the dishes in a refrigerator 
between 4°C and 10°C for no longer than 3 days.6 
They should be brought to room temperature and left 
for 15 min before use. 
If the dishes are very moist, they should be allowed 
to dry for 10 to 30 min with lids ajar. 
2.3. Liquid Mueller-Hinton medium 
This medium is used for the preparation of inocula. 
The formula for 1 liter of distilled water is : 
Beef, infusion from 300 mL 
Acid hydrolysate of casein 17.5 g 
Starch 1.5 g 
On use, adjust pH to 7.3k0.1. Numerous manu- 
facturers supply the media in the form of dehydrated 
powder. Vials or tubes containing ready-to-use medium 
are also commercially available. The Ca2+ and M$+ 
concentrations of ready-to-use media must be 25 to 50 
mg/L and 12.5 to 25 mg/L re~pectively.~ 
To determine susceptibility to sulfonamides and 
to trimethoprim, the medium must have a thymidine 
concentration lower than 0.03 mg/L. Commercial 
Mueller-Hinton media should be suitably thymidine 
depleted.' No specific test procedure is recommended. 
3. Standardization and control of the inoculum 
3.1. Inoculum-replicating device 
3.1.1. Steers apparatus 
The apparatus unit has flat-ended metal shafts 3 mm 
in diameter that are immersed in wells containing 1 to 
2 mL of bacterial suspension. On contact with the agar 
medium, each shaft dispenses a volume of 10 4. 
The suspension is applied as a spot 0.7 cm in 
diameter, which covers an area of about 0.4 cm'. 
3.1.2. Other types of inoculum-replicating devices 
These replicators work on the same principle as the 
Steers apparatus but the shafts either have a smaller 
dameter or are replaced by a different spotting device, 
such as calibrated loops or microtiter loops, most of 
which dispense drops of 1 pL. 
For very small series, plastic or metal loops that 
dispense 1 or 10 pL can also be used. 
3.1.3. Standardization of systems 
It is essential to know the volume dispensed. The 
volume can be measured by weighing on a 1 : l O  mg 
precision balance (a spot weighs between 1 and 10 mg) . 
Another possibility is to use Mueller-Hinton broth 
stained by methylene blue and to place the inoculator 
on chromatography paper (Whatman No. 1 CHR) and 
compare the diameter of the stained area with that 
obtained under the same conditions with I-@, 5-pL 
and 10-pL pipettes. 
3.2. lnoculum 
The amount of inoculum depends on the volume 
spotted on the culture medium. The spotting device 
should dispense about lo4 bacteria on the surface of the 
agar. In the case of the Steers apparatus which transfers 
10 pL, the inoculum dispensed in the wells should 
therefore be about lo6 bacterialml. If 1 pL is spotted, 
the inoculum should be lo7 bacteria/d. 
3.2.1. Required density 
3.2.2. lnoculum in 'exponential phase's 
Sample a volume (V) of an overnight culture in 
Mueller-Hinton broth and inoculate a tube containing 
5 mL of Mueller-Hinton broth. 
Enterobacteriaceae 
Enterococcus 
Staphylococcus 
I! aenrginosa 
Streptococcus 
0.1 
0.3 
0.3 
0.3 
0.6 
Place in a water-bath and agitate for 3 to 5 h at 
37OC until a slightly visible turbidity appears (5 x lo7 
bacteria/mL), and dilute to 1:5 in Mueller-Hinton 
broth to obtain an inoculum of lo7 bacteria/mL or to 
1:20 to obtain an inoculum of lo6 bacteria/mL." 
Check and adjust the bacterial density if necessary with 
a photometer or a nephelometer calibrated for the same 
bacterial species. Because of the variations in growth 
rate between species, results are not very reproducible 
with this method and accurate adjustment to the 
density required involves time intervals that can prevent 
a whole series of strains from being treated simul- 
taneously. If the method is used it should be reported 
with the results. 
3.2.3. Culture in stationary phase 
3.2.3.1. Use of a photometer 
Pick from nutrient agar at least three colonies of 
identical appearance of the microorganism to be 
studied. Emulsify in a glass tube containing 5 mL of 
Mueller-Hinton broth. Set the photometer at 550 nm 
and introduce 2 mL of the suspension. Generally, 
an optical density (OD) of 0.10 to 0.12 corresponds, 
according to bacterial species, to 1 to 3 X lo8 bacteria/ 
mL. The relation between OD and the number of 
bacteria depends on the species and its morphology 
(chiefly size and capsule). The apparatus must therefore 
be calibrated beforehand." Adjust the suspension to 
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lo6 or lo7 bacteria/mL. by suitable dilution (a suspen- 
sion adjusted to an OD of 0.10 as indicated above and 
diluted to 1: 100 or to 1 : l O  is satisfactory). 
3.2.3.2. Use of a calibrated nephelometer (e.g. API ATB 
1550) 
Pick from nutrient agar at least three colonies of 
identical appearance. Emulsifjr in a suitable glass tube 
containing about 2 mL of liquid Mueller-Hinton 
medium. Check bacterial density by placing the tube 
in the nephelometer and adjust to the required density 
(10' bacteria/mL) by adding buffer or bacteria. 
When instruments calibrated to the McFarland 
standard are used, it is preferable to first adjust the 
suspension to 10' bacteria/d and then dilute to 1 : 10 
if the inoculum must be lo7 bacteria/xd or to 1 : 100 
if it must have lo6 bacteria/mL. 
3.2.3.3. Use of McFarland standard'* 
The 0.5 McFarland standard corresponds to a 
suspension of BaC12 prepared in H2S04 [0.05 ml of 1% 
BaC12 ( w h )  in 9.95 mL of 10% HzS04 (v/v)]. 
Compare the inoculum visually (usually against 
a black background with white bands) with the 
McFarland 0.5 standard. In these conditions the 
inoculum corresponds roughly to 10' bacteria/d and 
a 1:lO dilution in Mueller-Hinton broth gives lo7 
bacterialml and a 1 : 100 dilution gives lo6 bacteria/ 
mL. This method is the least accurate and the least 
reproducible and also requires considerable experience. 
3.2.4. Colony counts 
In some cases it is essential to make a precise bacterial 
count in the inoculum. To do this, first make suit- 
able dilutions to obtain a cell concentration ranging 
between 300 and 3000 bacteria/mL. Spread 0.1 mL of 
the suspension with a pipette or by means of glass 
beads13 on a suitable agar medium for culture of the 
microorganism. Incubate for 18 h at 35 to 37OC. It is 
recommended to make three counts simultaneously. 
For colony counts, use preferably an apparatus 
suited to the purpose such as an electronic colony 
counter. The number of colonies obtained should be 
between 30 and 300.14 The standard deviation (s) of 
the average number (N) of colonies counted for a given 
dilution is calculated by the Poisson distribution, which 
approximates to the binomial distribution (only 
sampling error is taken into consideration). 
s = dN 
Bacterial density (bacteria per mL) is obtained by 
multiplying the mean of the results by the factor of 
dilution used.15 
4. Preparation of antibiotic solutions 
4.1. Weighing 
The antibiotic should be stored according to the 
directions of the manufacturer. The vial containing the 
titered powder of the antibiotic should be kept at room 
temperature to avoid condensation, which can cause 
hydrolysis. 
The powder should be weighed on an analytic 
balance. For 100 mg of powder, a balance accurate to 
1 : 10 mg should be used, and for 10 mg a balance 
accurate to 1 : 100 mg. 
Concentrated solutions usually contain more than 
1000 mg of active ingredient. 
Weight ( W )  determination in mg is: 
W =  V ( C / T )  
where V (mL) is the volume of solution to prepare, T 
the purity of the product (mg active ingredient/mg 
product) and C the required concentration (mg/L). 
For example, 53.895 mg correspond to a concen- 
tration of 5120 mg/L in a volume of 10 mL if the 
product has a purity of 0.95. 
53.895 = 0.01 X 5120/0.95 
4.2. Solubilizafion 
Distilled water is the most widely used solvent in the 
preparation of concentrated solutions of antibiotics. In 
some cases, however, solubilization is performed in a 
different solvent16 and the concentrated solution has to 
be diluted in a suitable diluent. The table overleafgives 
a few examples. Indications for other products are 
generally provided by the manufacturer or supplier. 
Storage conditions may vary but most products in 
concentrated form can be stored for at  least a month at 
-20°C. Sterilizing the solutions by filtering is not 
necessary. Thawing-fieezing cycles must be avoided. 
4.3. Preparation 
Prepare a stock solution at 5120 mg/L. Dilute as shown 
overleaf. 
5. Material 
Series of antibiotics (see overleaf) 
Sterile hemolysis tubes 
Petri dishes 9 cm or 14 cm in diameter or 12 cm 
square 
Mueller-Hinton medium (in most cases) 
Overnight broth culture of the strain to be studied 
or bacterial suspensions of equivalent density (see 
above) 
Overnight broth culture of the reference strains or 
bacterial suspensions of equivalent density (see above) 
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Product Solvent Diluent 
Amoxicillin 
Ampicillin 
Aztreonam 
Ceftazidime 
Cephalothin and most cephalosporins 
Chloramphenicol 
Erythromycin 
Fluoroquinolones 
Fusidic acid 
Imipenem 
Latamoxef 
Quinolones 
Rifampin 
Tetracyclines 
Ticarcillin 
Trimethoprim 
Buffer PO4, 0.1 M, pH 6 
Buffer PO4, 0.1 M, pH 8 
Sodium carbonate (10% of aztreonam weight; the 
Sodium carbonate to saturation 
Buffer PO+, 0.1 M, pH 6 
Ethanol 100% 
Ethanol 100% 
Water + NaOH 1 M until dissolution 
Ethanol 100% 
Buffer PO4, 0.1 M, pH 7.2 
0.04 M HC1 (wait some hours) 
Water + NaOH 0.1 M until dissolution 
Methanol 
Methanol 
Buffer P04, 0.1 M, pH 6 
Methanol 
solution is brought to volume only after soluhilization) 
Buffer PO4, 0.1 M, pH 6 
Buffer POJ, 0.1 M, pH 6 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Buffer Po4, 0.1 M, pH 7.2 
Water 
Water 
Water 
Water 
Buffer PO.,, 0.1 M, pH 6 
Water 
Concentration 
~ 
Initial solution Stock solution Diluent Obtamed Final mg/L 
(mg/L) (mL) volume mg/L in medium 
5120 4 4 2560 256 
5120 2 6 1280 128 
5120 1 7 640 64 
5120 1 15 320 32 
320 4 4 160 16 
320 2 6 80 8 
320 1 7 40 4 
320 1 15 20 2 
20 4 4 10 2 
20 2 6 5 0 5  
20 1 7 2.5 0.25 
Tubes or vials containing a suitable volume (see 
section 6.1) of melted Mueller-Hinton agar cooled 
to 50°C 
5.1. &8/ify C O / t t d  
To check the vhdity of the antimicrobial susceptibility 
test method, the MICs of the reference strains (see table 
below) are determined the same day under the same 
conditions. 
5.1.1. Reference strains 
Staphylococcus aureus ATCC 25923 CIP 7625 
Escherichia coli ATCC 25922 CIP 7624 
Pseudomonas aeruginosa ATCC 27853 CIP 76110 
Other bacteria [Enterococcusfaecalis ATCC 29212 (CIP 
103214), Staphylococcus aureus resistant to methicillin 
(CIP 6525)J may be studied for specific tests. 
5.1.2. Storage of reference strains 
Seed the lyophilized strains on Mueller-Hinton agar 
and broth. Check the purity of the strain and seed on 
Mueller-Hinton agar medium. Leave overnight and 
then emulsifjl a few colonies of the bacterium in 1 mL 
of brain-heart infbion broth supplemented with 
100 t;L of glycerol to obtain a thick suspension (greater 
than 2 on the McFarland scale). Transfer the prepara- 
tion to a sterile cryogenic tube containing about 20 
glass beads 2 mm in diameter (Salvadori, Vaulx-en- 
Velin, France). Discard the excess liquid and after 
labeling, immediately freeze in liquid nitrogen in a 
fi-eezer at -70°C. In these conditions, the strains can 
be stored almost indefinitely. Storage at -30°C should 
only be used as a temporary measure. A single bead can 
be sampled with sterile forceps without thawing the 
tube and used to seed an agar medium or Mueller- 
Hinton broth. Goggles and gloves should be worn 
when handling liquid nitrogen. The strains are given a 
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number to indicate their origin followed by the suffix 
of the individual laboratory" (recommendation of the 
European Culture Collection Curator's Organisation). 
The bacteria are subcultured each year. After two 
subculturings, 12 tubes are prepared according to the 
procedure above, and from these subcultures are made 
each month for current use (e.g. one per working 
week). This method makes it possible to start each 
month from an initial tube and avoids too frequent 
subculturings. 
6. Preparation 
These determinations can only be undertaken if there 
are simultaneous control tests. Reference strains should 
therefore be used in each series of tests. 
6.1. First day 
6.1.1. Petri dish 9 cm in diameter 
Place 2 mL of sterile distilled water in a Petri dish 
(control without antibiotic) and 2 mL of each dilution 
of the antibiotic from the lowest to the highest con- 
centration in a series of Petri dishes. Add 18 mL of 
Mueller-Hinton agar medium. Mix well and allow to 
solidi6. Dry the dishes at 35 to 37OC for 30 min, 
inverted and without the lids. 
6.1.2. Petri dishes 14 cm in diameter or 12 cm square 
When round dishes 14 cm in diameter are used, place 
5 mL of sterile distilled water in the dish (control 
without antibiotic) and 5 mL of each dilution of the 
antibiotic from the lowest to the highest concentration 
in a series of dishes. Add 45 mL of Mueller-Hinton 
agar medium. Mix well and allow to solidi6. Dry the 
dishes at 35 to 37OC for 30 min, inverted and without 
the lids. 
6.1.3. Determination of MIC 
Prepare the inoculum as directed. If necessary check 
the inoculum as indicated. 
Check the purity of the inoculum by plating on 
nutrient culture medium. 
Seed the suspension with a multipoint replicator 
(or a wire loop for small series) on the control dish and 
those containing the antibiotic. According to the 
device used, the inoculum must be adjusted so that lo4 
bacteria are dispensed per spot. Use the same procedure 
to seed control strains. Check to ensure that reagents 
are sterile. When a multipoint replicator is used, the 
volume of the suspension must be readjusted when it 
falls below half of the initial volume. 
Incubate the dishes at  35 to 37°C for 18 h. 
6.2. Second day 
Record the MIC, the antibiotic concentration for 
which there is no apparent growth on visual observa- 
tion against a direct light source. Neither the presence 
of one to three colonies, whatever their size or 
appearance, nor a faint haze left by the initial inoculum 
should be regarded as growth. If a small number of 
colonies are visible for several successive ddutions in the 
conditions described, a further investigation should be 
performed. 
6.3. Third day 
Record the growth of slow-growing bacteria. The 
observation is valid only if the antibiotics are not 
degraded in the experimental conditions used. 
7. Expression of the results 
7.1. Validation of the method 
Check the MIC observed for the control strains: it 
should correspond to the expected values in the table 
overleaf. The control limits are those of norm DIN 
58959 Teil 14 or of standard NCCLS M7-A2. 
7.2. Results 
Indicate the concentration corresponding to the MIC 
in mg/L or for certain antibiotics in IU/mL (Inter- 
national Units). 
STANDARD NO. 3 
SUSCEPTIBILITY TESTING BY AGAR DIFFUSION 
METHOD FOR FAST-GROWING AEROBIC BACTERIA 
This test is one means of predicting the effect of 
antibiotic treatment on a given bacterial strain. The test 
yields a qualitative result since it enables the strain to 
be assigned to one of three categories, susceptible, 
intermediate or resistant. It is the oldest method for 
testing bacterial susceptibility to antibiotics. To obtain 
results of a consistently high standard, the operating 
conditions must be strictly adhered to. 
1. Material 
1.1. Media 
The media are poured into sterile Petri dishes. 
1.1.1. General remark 
1.1.2. Mueller-Hinton agar medium 
This is the standard culture medium. It is used for 
susceptibility testing of Enterobacteriaceae, staphylo- 
cocci, Pseudomonas aeruginosa, Enterococcus faecalis and 
other fast-growing Gram-negative bacilli (such as most 
Acinetobacter, Pseudomonas and B r a n h a m e h ) .  
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Control limits of the MICs of different antibiotics by dilution methods for reference strains 
E&riclria coli Eti ferocorci 1.c .fnrcalis Pseiidomorras aevrigitro.cn Staplrylococcirr airreirs 
Antibiotics ATCC 25922 ATCC 29212 ATCC 27853 ATCC 25923 
Amikdcin 
Ampicillin 
Azlocillin 
Aztreotmii 
Cdrbenicih 
Cephdlothin 
Cefamdndole 
Cefoperazoiie 
Cefotaxime 
Cefoxitin 
Ceftdzidiine 
Ceftridxone 
Chlordmphenicol 
Ciprofloxacin 
Clindamycin 
Colistin 
Erythromycin 
Gentannciri 
Imipenem 
Kandmycin 
Liiicoiniycin 
Mezlocillin 
Minocycline 
N etilniici n 
Nitrofurdntoyn 
Norfloxacin 
Ofloxacin 
Oxacillin 
Penicillin G 
Piperacillin 
Polyrnyxin B 
Rifampin 
Tetracycline 
Ticarcillin 
Tobramycin 
Trimethoprim 
Trimethoprim 
Vanconiycin 
Ldtdllloxef 
sulfamethoxazole 
0.5-4 
2-8 
4-32 
0.06-0.25 
4-16 
4-32 
0.25-1 
0.12-0.5 
0.06-0.25 
1-4 
0.06-0.5 
0.03-0.12 
2-16 
0.004-0.015 
0.2-4 
0.25-1 
0.06-0.25 
1-4 
0.12-0.5 
2-8 
0.5-2 
50.5-1 
4-32 
0.03-0.12 
0.01-0.06 
1-4 
1-4 
8-32 
0.5-4 
2-16 
0.25-1 
0.5-2 
10.5-9.5 
0.2.5-1 
1-4 
16-64 
16-64 
8.32 
>32 
>128 
4-16 
0.5-4 
0 5-2 
0.5-2 
16-64 
>128 
16-64 
0. .5-2 
2-8 
4-16 
4-1 6 
2-8 
2-8 
8-32 
1-4 
1-4 
1-4 
8-32 
16-64 
8-32 
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1-4 
1-4 
2-16 
2-8 
16-64 
2-8 
2-8 
1-4 
8-32 
0.25-1 
0.25-1 
0.12-0.5 
1-4 
8-32 
8-32 
2-8 
1-4 
1-4 
1-4 
0.25-1 
32-64 
8-32 
8-128 
0.5-2 
>64 
0.5-2 
0.03-0.25 
0.06-0.25 
0.25-1 
0.25-1 
1-4 
4-16 
2-16 
0.06-0.25 
0.12-0.5 
0.12-0.25 
0.01-0.06 
1-4 
4-16 
0.5-2 
0.12-0.5 
0.25 
8-64 
0.5-2 
0.12-0.5 
0.06-0.5 
0.03-0.12 
1-4 
32- 1 28 
0.008-0.06 
0.12-2 
0.12-1 
1-4 
0 . 5 2  
O n  
The formula for 1 liter of distilled water is: 
Beef, infusion from 300 mL. 
Acid hydrolysate of casein 17.5 g 
Starch 1.5 g 
use, adjust pH to 7.320.1. Numerous manu- 
Agar'* 17 g 
facturers supply the media in the form of dehydrated 
powder. Ready-to-use Petri &shes are also com- 
mercially available. 
Pour the medium into Petri dishes 9 cm or, 
preferably, 14 cm in diameter or into Petri dishes 12 cm 
square. The agar should have a uniform depth of 4 mm; 
this depth requires 25 mL of medurn in dishes 9 cm in 
diameter, 60 mL in those 14 cm in diameter, and 55 
mL in dishes 12 cm square. 
Store the dishes in a refrigerator between 2 O C  and 
8 O C . I 9  Bring to room temperature and let sit for 15 min 
before use. Once prepared, the dishes should not be 
kept for more than 3 days. Commercial ready-to-use 
dishes should be stored according to the manufacturer's 
recommendations and not kept beyond the expiration 
date. 
If the dishes are very moist, they should be allowed 
to dry for 10 to 30 min with lids ajar. 
The Ca2+ and M$+ concentrations of the ready- 
to-use media must be 50 mg/L and 25 mg/L respec- 
tively. 
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To determine susceptibility to sulfonamides and 
trimethoprim the medium must have a thymidine 
concentration lower than 0.03 mg/L. 
Commercial Mueller-Hinton meha are generally 
suitably thymidine-depleted. Nevertheless, batches 
should be subjected to susceptibility testing by the agar 
diffusion method using the reference strain E.  faeculis 
ATCC 29212 (CIP 103214).The medium is suitable 
if the strain is susceptible to trimethoprim or to 
sulfonamide/trimethoprim mixtures with no colonies 
within the zone diameters. If microcolonies occur 
within the zone diameters, add 5% of horse hemolysate. 
If the strain is resistant in these conditions, the medium 
cannot be used. 
1.2. Mueller-Hinton broth 
This mehum is used for the preparation of inocula. 
The formula for 1 liter of distilled water is: 
Beef, infusion from 300 mL 
Acid hydrolysate of casein 17.5 mg 
Starch 1.5 mg 
On use, adjust pH to 7.320.1. Numerous manu- 
facturers supply the media in the form of dehydrated 
powder. Vials or tubes containing ready-to-use medium 
are also commercially available. 
The Ca” and M e +  concentrations of ready-to- 
use media must be 20 to 25 mg/L and 12 to 25 mg/L 
respectively.” 
To determine susceptibility to sulfonamides and to 
trimethoprim, the medium must have a thymidine 
concentration lower than 0.03 mg/L.21 Commercial 
Mueller-Hinton media are generally suitably thymidine 
depleted. No specific procedure is recommended. 
1.3. Filter paper disks impregnated with antibiotic 
These disks are available from various manufacturers. 
The antibiotic content of these disks in France is 
defined by the Antibiogram Committee of the SFM 
(CA-SFM). The list of antibiotics to be tested varies 
according to the bacterial strain and the site of in- 
fection. The CA-SFM publishes annually the corres- 
ponding recommendations. 
The disks should be stored in their intact container 
according to the manufacturer’s instructions, generally 
at 4 to 8°C. The disk dispenser should be tightly closed 
and stored in a refrigerator. Before use, containers and 
dispensers should be brought to room temperature to 
avoid condensation and hydrolysis. Once opened, a 
container must be used within 5 days. 
1.4. lnoculum 
The inoculum is obtained from a culture of about 
24 h (in stationary phase) on a non-inhibitory agar. The 
inoculum is that recommended by the WHO (Report 
610). It must be 2 to 3x lo6 bacteria/mL.22 Adjustment 
of the inoculum is essential for a reliable interpretation. 
Pick on a nutrient agar at least three strictly 
identical colonies well isolated from the strain to be 
studied with a loop or a pipette. Emulsify in a glass tube 
containing 5 mL of suspension medium (Mueller- 
Hinton broth) .23 
Adjust the suspension to the required value. 
1.4.1. Adjustment of the suspension with a photometer 
Pick on nutrient agar at least three colonies of the strain 
to be studied. Emuhi@ in a glass tube containing 5 mL 
of Mueller-Hinton broth. Transfer 2 mL of the 
suspension to a photometer set at 550 nm. Depending 
on the bacterial species, an optical density (OD) of 
0.10 to 0.12 generally corresponds to 1 to 3x10’ 
bacteria/mL. The relation between optical density and 
the number of bacteria depends on the strain (species) 
and its morphology (essentially size and capsule) and 
the apparatus must therefore be calibrated beforehand. 
Adjust the suspension to 1 to 3 X lo6 bacteria/mL by 
an adequate ddution (a suspension adjusted to a OD of 
0.12 in the conditions indicated and diluted to 1:lOO 
is generally satisfactory). 
1.4.2. Adjustment of the suspenshn with a photometer 
or calibrated nephelometer (e.g. API ATB 1550) 
Pick on a nutrient agar at least three colonies of the 
strain to be studied. Emulsify in a suitable glass tube 
containing about 2 mL of liquid Mueller-Hinton 
medium. Check the bacterial density by placing the 
tube in the nephelometer and adjusting the suspension 
by the addition of buffer or bacteria to the required 
density (1 to 3 X lo7 bacteria/mL). Adjust the suspen- 
sion to 1 to 3 x lo6 bacteria/mL by diluting to 1: 10. 
When using an instrument that is also calibrated to the 
McFarland scale, it may be preferable, for greater 
accuracy, to first adjust the suspension to 1 to 3 X lo8 
bacteria/mL (0.5 McFarland) and then to dilute to 
1 : 100. 
1.4.3. Adjustment of the suspension with McFarland 
scalez4 
A McFarland 0.5 standard corresponds to a suspension 
of BaC1’ prepared in HzSO4 f0.05 mL of 1% BaC12 
(w/v) in 9.95 mL of 10% H’SO4 (v/v)]. 
Pick on a nutrient agar at  least three colonies of the 
strain to be studied. Emulsify in a glass tube containing 
about 2 mL of Mueller-Hinton broth. Compare the 
inoculum by visual observation (against a black 
background with white bands) with the 0.5 McFarland 
standard. In these conditions, the inoculum generally 
corresponds to 1 to 3 X 10’ bacteria/mL and must be 
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diluted to achieve 1 to 3 x lo6 bacteria/mL (dilution to 
1 : lOO is often satisfactory). This method is the least 
accurate and requires considerable experience. 
2. General preparation 
2.1. Inoculation by flooding 
Strict safety measures must be observed with this 
method: under no circumstances must pipetting be done by 
mouth. 
Pipette 2 to 4 mL of the prepared inoculum. 
Transfer the inoculum to Mueller-Hinton medium 
and distribute evenly over the surface by gently tilting 
the plate. Gently pipette off the excess liquid. 
2.2. Swab inoculationz5 
Dip a dry, sterile, non-toxic swab into the suspension 
adjusted to the required volume. Withdraw the swab 
from the suspension, gently wiping it along the wall of 
the tube. The swab is then streaked evenly in three 
directions over the entire surface of the agar plate to 
obtain a uniform inoculum. The disk should be kept 
slightly moist but with no trace of liquid. 
2.3. Application of antibiotic-impregnated disks 
Transfer the disks with sterile forceps or a disk 
dispenser. They should lie flat on the surface, 30 mm 
apart and 10 mm from the edge of the plate. 
2.4. Incubation 
Prepared plates should be incubated at 35 to 37 "C for 
18 h no later than 15 min after being seeded. To achieve 
proper heat exchange, make sure that no more than 10 
dishes are stacked one on the other. 
2.5. Reading of results 
Measurements of zone diameters should be made &om 
the zone edge of complete inhibition. If a zone is not 
clearly demarcated, it is in most cases because of a 
mechanism of resistance. If microcolonies or a swarm 
(Proteus) over the zone of inhibition are observed, only 
inhbition of normal growth should be taken into 
account. 
Use preferably a sliding caliper to measure the 
diameter. A half-millimeter graduated ruler is accept- 
able for routine work. It is imperative to use a 
sliding caliper when the diameter is close to critical 
diameters.26 
2.6. Interpretation 
Critical diameters for all antibiotics are established in 
France by the Antibiogramme Committee of the SFM. 
An update is published annually. 
2.7. Quality control 
To check the validity of the antimicrobial susceptibility 
test method, the inhibition diameters of the reference 
strains are measured the same day in the same 
conditions. The strains are available from the CoUec- 
tion Nationale de Micro-organismes, Institut Pasteur, 
Paris. 
2.7.1. Reference strains 
Staphylococcus aureus ATCC 25923 CIP 7625 
Escherichia coli ATCC 25922 CIP 7624 
Pseudomonas aeruginosa ATCC 27853 CIP 76110 
Other bacteria [Enterococcusfaecalis ATCC 29212 (CIP 
103214), Staphylococcus aureus resistant to methicillin 
(CIP 6525)] can be studied for specific tests. 
2.7.2. Storage of reference strains 
Strains supplied in lyophilized form are seeded on 
Mueller-Hinton agar medium and broth. Check the 
purity of the strain and seed on Mueller-Hinton agar 
medium. Leave overnight and then emulsift. a few 
colonies of the bacterium in 1 mL of brain-heart broth 
supplemented with 100 pL of glycerol to obtain a thick 
suspension (greater than 2 on the McFarland scale). 
Transfer the preparation to a sterile cryogenic tube 
containing about 20 glass beads 2 mm in diameter 
(Salvadori, Vaulx-en-Velin, France). Discard the excess 
liquid and, after labeling, immediately freeze in liquid 
nitrogen or in a freezer at -7OOC. In these conditions, 
the strains can be stored almost indefinitely. Storage at 
-3OOC should only be used as a temporary measure. 
A single bead can be sampled with sterile forceps 
without thawing the tube and used to seed an agar 
medium or Mueller-Hinton broth. Goggles and gloves 
should be worn when handling liquid nitrogen. The 
strains are given a number to indicate their origin 
followed by the suffix of the individual laboratory*' 
(recommendation of the European Culture Collection 
Curator's Organisation). 
The bacteria are subcultured each year. After two 
subculturing, 12 tubes are prepared according to the 
procedure above and from these subcultures are made 
each month for current use (e.g. one per working 
week). This method makes it possible to start each 
month from an initial tube and avoids too frequent 
subculturing. 
2.7.3. Results 
The control limits of the diameters of zones of 
inhibition (mm) on Mueller-Hinton agar of different 
antibiotics for reference strains are given in the table 
opposite. 
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Eschericltia Pseudomonas Stapliylococcus Enterococcus 
Disk coli aeruzinosa aureus Jiecalis 
charge ATCC 25922 ATCC 27853 ATCC 25923 ATCC 29212 Antibiotic 
Amikacin 
Amoxicillin + 
clavulanic acid 
Amoxicillin 
Ampicillin 
Aztreonam 
Cephalothin 
Cefamandole 
Cefoperazone 
Cefotaxime 
Cefoxitin 
Cefiulodin 
Ceftazidime 
Ceftriaxone 
Chloramphenicol 
Ciprofloxacin 
Clindamycin 
Colistin 
Cotrimoxazole 
Doxycycline 
Erythromycin 
Fosfomycin 
Fusidic acid 
Gentamicin 
Imipenem 
Kanarnycin 
Lincornycin 
Moxalactam 
Medocillin 
Minocycline 
Nalidixic acid 
Neomycin 
Netihnicin 
Norfloxacin 
Ofloxacin 
Oxacillin 
Pefloxacin 
Penicillin G 
Piperacillin 
Polyinyxin B 
Pristinamycin 
Rifampin 
Spirarnycin 
Streptomycin 
Sulfonamides 
Teicoplanin 
Tetracycline 
Ticarcillin 
Ticarcillin + 
clavulanic acid 
Tobramycin 
Trimethoprim 
Vancomycin 
24.0-28.0 24.0-28.0 22.0-27.0 
22.0-26.0 30.0-37.5 
23.0-26.0 
18.0-23.0 
31.0-37.0 
18.0-22.0 
28.0-33.5 
30.0-34.5 
32.0-38.0 
24.0-29.0 
28.5-36.0 
27.5-32.0 
17.0-19.5 
18.5-22.5 
28.0-35.0 
33.0-37.0 
25.0-31 .0 
24.0-28.0 
24.0-30.0 
28.0-32.5 
27.0-32.0 
27.0-33.5 
24.5-27.5 
30.0-35.0 
32.0-36.5 
23.0-27.0 
33.0-41.5 
14.3-19.0 
23.0-29.0 
25.0-30.0 
26.0-31.0 
28.5-31.0 
22.0-26.5 26.0-33.5 
19.0-23.0 
26.0-30.0 
19.5-25.0 
20.0-23.0 
30.0-35.0 
28.0-32.0 
27.0-31 .0 
26.5-30.0 
29.0-35.0 
26.0-30.0 
26.0-36.0 
11.5-20.0 
19.0-26.5 
27.0-35.0 
24.0-27.0 
30.0-35.0 
22.3-26.0 
18.0-22.0 
24.0-31 .0 30.0-36.0 
9.0-1 3.0 
25.0-30.0 
25.0-30.0 
25.0-28.0 30.0-35.0 
26.0-30.0 
21.0-26.0 
25.0-28.5 
21.0-25.0 
27.0-31 .0 
28.0-33.0 
29.0-35.0 
22.0-28.5 
23.0-28.5 
28.0-34.0 
24.0-29.0 
30.0-35.0 
20.0-28.0 
25.0-30.0 
26.0-33.0 
25.0-30.5 
34.0-40.5 
21.0-25.0 
23.0-26.0 
16.0-23.0 
16.0-21 .0 
18.0-22.0 
30.0-35.0 10.0-18.0 
20.0-28.0 
26.5-32.0 26.0-30.0 
17.0-19.5 
29.0-34.0 
26.0-31.5 
30.0-42.0 
25.0-27.0 
17.0-20.0 
21.0-28.0 
16.0-20.0 
27.0-34.0 
36.5-44.5 
20.0-28.0 
17.0-20.0 
19.0-27.5 
25.0-29.5 
20.0-27.0 
26.0-30.0 27.0-32.0 
27.0-31 .0 
22.0-26.0 22.0-28.0 25.0-30.0 
19.0-25.0 23.0-26.0 
18.0-22.0 20.0-25.0 
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3. Particular cases 
3.1. Incubation atmosphere 
Avoid use of CO2-enriched atmosphere, because it 
leads to rapid acidification of the medium, which 
interferes with the action of certain antibiotics (amino- 
glycosides, macrolides, lincosamides, tetracyclines). 
3.2. Antibiotics requiring special study techniques 
Cross-resistance to methicihn and other p-lactams is 
detected with a disk impregnated with 5 pg or 1 pg of 
oxacillin, either after incubation at 30°C or on 
Mueller-Hinton medium containing 5% NaCl. 
It is &&cult to grow certain coagulase-negative 
staphylococci in these conditions and incubation must 
be prolonged to 48 h at 37°C. 
Do not use incubation at 30°C with 5% NaCl 
medium, because staphylococci susceptible to methi- 
c a n  may be reported as falsely resistant. 
STANDARD NO. 4: 
METHOD OF DETERMINATION OF THE MINIMUM 
INHIBITORY CONCENTRATION (MIC) IN LIQUID 
3.2.1. Staphylococcus and &lactams 
MEDIA FOR FAST-GROWING AEROBIC BACTERIA 
1. Definition 
The MIC is the lowest concentration of a series of 
doubling dilutions of an antibiotic that achieves in- 
hibition of all visible bacterial growth. 
It is one means of predicting the effect of anti- 
microbial treatment on a given strain. The result is 
quantitative but can be made qualitative by assigning 
the strain to one of the three interpretive categories, S, 
I or R. 
Broth dilution methods include macrodilution in 
tubes containing a broth volume 21.0 mL for each drug 
concentration, and microdilution in which drug 
dilutions are in 0.1 mL of broth contained in wells of 
microtitration plates. 
The macrodilution method is a well-standardized 
method that is useful for research purposes and 
determination of the minimum bactericidal concentra- 
tion (MBC). 
The microdilution method is useful for routine 
susceptibility testing in most clinical microbiology 
laboratories. 
Both methods should not be used as reference for 
evaluating the accuracy of other susceptibility testing 
procedures. 
2. Culture media 
2.1. General remark 
The media are dispensed into sterile capped tubes or 
microtitration plates. 
2.2. Mueller-ffinton broth 
This is the standard culture medium. It is used for 
the determination of the MICs of Enterobacteriaceae, 
staphylococci, Pseudomonas aeruginosa, Enterococcusfaecalis 
and fast-growing aerobic bacteria such as Acinetobacter, 
Pseudomonas and Branhamella. 
The formula for 1 liter of distilled water is: 
Beef, inhsion h-om 300 mL 
Acid hydrolysate of casein 17.5 g 
Starch 1.5 g 
On use, pH must be adjusted to 7.3k0.1. Various 
manufacturers supply the media in the form of 
dehydrated powder. 
The Ca2+ and M P  concentrations of the ready- 
to-use media must be 25 to 50mg/L and 12.5 to 
25 mg/L, respectively.28 The cation content may be 
checked by flame photometry. If necessary, adjust it by 
the addition of filter-sterilized CaC12 solution (3.68 g 
of CaC12. 2H20 in 100 mL of deionized water for a 
concentration of 10mg/mL of Ca2+) and MgCl2 
(8.36 g of MgClz. 6H2O in 100 mL of deionized water 
for 10 mg/mL of Mg+).  
To determine susceptibility to sulfonamides and to 
trimethoprim, the medium must have a thymidine 
concentration lower than 0.03 mg/L. Commercial 
Mueller-Hinton media should be suitably thymidine 
depleted. No specific test procedure is recommended. 
After preparation, the medium must be stored in a 
refrigerator between 4 "C and 10 "C for no longer than 
3 days.zg It should be brought to room temperature and 
left for 15 minutes before use. 
3. Standardization and control of the inoculum 
3.1. lnoculum 
The amount of inoculum depends on the volume 
transferred in the culture medium. The recommended 
final inoculum is 5 X lo5 bacteria/d. 
3.1.1. Required density 
3.1.2. lnoculum in 'exponential phase'30 
Sample a volume (V) of an overnight culture in 
Mueller-Hinton broth and inoculate a tube containing 
5 mL of Mueller-Hinton broth. 
V 
Family, genus or species (mL) 
Enterobacteriaceae 0.1 
Enterococcus 0.3 
Staphylococcus 0.3 
l? aeruginosa 0.3 
Streptococcus 0.6 
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Place in a water-bath and agitate for 3 to 5 h at 
37 "C until a slightly visible turbidity appears (5 X lo7 
bacteria/mL), and dilute to 1 :20 in Mueller-Hinton 
broth to obtain an inoculum of lo6 ba~teria/mL.~l 
Check and adjust the bacterial density if necessary with 
a photometer or a nephelometer calibrated for the same 
type of bacterial strain. Because of the variations in 
growth rate between species, results are not very 
reproducible with this method and accurate adjustment 
to the density required involves time intervals that can 
prevent a whole series of strains from being treated 
simultaneously. If the method is used, it should be 
reported with the results. 
3.1.3. Culture in stationary phase 
3.1.3.1. Use of a photometer 
Pick from nutrient agar at least three colonies of 
identical appearance of the microorganism to be 
stuhed. Emulsify in a tube containing 5 mL of 
Mueller-Hinton broth. Set the photometer at 550 nm 
and introduce 2 mL of the suspension. Generally, an 
optical density (OD) of 0.10 to 0.12 corresponds, 
according to bacterial species, to 1 to 3 x lo8 bacteria/ 
mL. The relation between OD and the number of 
bacteria depends on the microorganism (species) and its 
morphology (chiefly size and capsule). The apparatus 
must therefore be calibrated beforehand. Adjust the 
suspension to lo6 bacteria/mL by suitable dilution (a 
suspension adjusted to an OD of 0.10 as indicated 
above and diluted to 1 : 100 is satisfactory). 
3.1.3.2. Use of a calibrated nephelometer (e.g. API ATB 
Pick from nutrient agar at least three colonies of 
identical appearance. Emulsify in a suitable glass tube 
containing about 2 mL of liquid Mueller-Hinton 
medium. Check bacterial density by placing the tube 
in the nephelometer and adjust by adding buffer or 
bacteria to the required density (lo* bacterialml). 
Adjust the suspension to lo6 bacteria/mL (a dilution to 
1 : 100 is satisfactory). 
1550) 
3.1.3.3. Use of McFarland standard32 
The 0.5 McFarland standard corresponds to a suspen- 
sion of BaC12 prepared in H2S04 [0.05 mL of 1% 
BaC12 (w/v) in 9.95 mL of 10% H2S04 (v/v)]. 
Compare the inoculum visually (usually against 
a black background with white bands) with the 
McFarland 0.5 standard. In these conditions the 
inoculum corresponds roughly to lo8 bacteria/mL and 
a 1:lOO dilution in Mueller-Hinton broth gives lo6 
bacteria/mL. This method is the least accurate and 
the least reproducible and also requires considerable 
experience. 
3.1.4. Colony counts 
It is essential to make a precise bacterial count in the 
inoculum. To do this, first make suitable dilutions to 
obtain a cell concentration ranging between 300 and 
3000 bacteria/mL. Spread 0.1 mL of the suspension 
with a pipette or by means of glass beads33 on a suitable 
agar medium for culture of the microorganism. 
Incubate for 18 h at 35 to 37°C. It is recommended to 
make three counts simultaneously. 
For colony counts, use preferably an apparatus 
suited to the purpose such as an electronic colony 
counter. The number of colonies obtained should be 
between 30 and 300.34 The standard deviation (5) of the 
average number (N) of colonies counted for a given 
dilution is calculated by Poisson distribution, which 
approximates to the binomial distribution (only samp- 
ling error is taken into consideration). 
s = d N  
Bacterial density (bacteria per mL) is obtained by 
multiplying the mean of the results by the factor of 
dilution used.35 
4. Preparation of antibiotic solutions 
4.1. Weighing 
The antibiotic should be stored according to the 
directions of the manufacturer. The vial containing the 
titered powder of the antibiotic should be kept at  room 
temperature to avoid condensation, which can cause 
hydrolysis. 
The powder should be weighed on an analytic 
balance. For 100 mg of powder a balance accurate to 
1 : 10 mg should be used, and for 10 mg a balance 
accurate to 1:lOO mg. 
Concentrated solutions usually contain more than 
1000 mg of active ingredient. 
Weight (W)  determination in mg is: 
w = I/ ( C / T )  
where I/ (mL) is the volume of solution to prepare, T 
the purity of the product (mg active ingredient/mg 
product) and C the required concentration (mg/L). 
For example, 53.895 mg correspond to a 
concentration of 5120 mg/L in a volume of 10 mL if 
the product has a purity of 0.95. 
53.895 = 0.01 X 5120/0.95 
4.2. Solubilizafion 
Distilled water is the most widely used solvent in the 
preparation of concentrated solutions of antibiotics. In 
some cases, however, solubilization is performed in a 
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different solvent36 and the concentrated solution has to 
be diluted in Mueller-Hinton broth. The table below 
gives a few examples. Indications for other products are 
generally provided by the manufacturer or supplier. 
Product Solvent 
Amoxicillin 
Ampicillin 
Aztreonam 
Ceftazidime Sodium carbonate to saturation 
Cephalothin and most cephalosporins 
Chloramphenicol Ethanol 100% 
Erythromycin Ethanol 100% 
Fluoroquinolones 
Fusidic acid Ethanol 100% 
Imipenem 
Latamoxef 
Quinolones 
Rifarnpin Methanol 
Tetracyclines Methanol 
Ticarcihn 
Trimethoprim Methanol 
Buffer PO+ 0.1 M, pH 6 
Buffer POJ, 0.1 M, pH 8 
Sodium carbonate (10% of aztreonam weight; the solution is brought to volume only after 
solubilization) 
Buffer PO4, 0.1 M, pH 6 
Water + NaOH 1 M until dissolution 
Buffer P o &  0.1 M, pH 7.2 
0.04 M HC1 (wait some hours) 
Water + NaOH 0.1 M until dissolution 
Buffer P o i ,  0.1 M, pH 6 
Storage conditions may vary but most products in 
concentrated form can be stored for at least a month 
at -20°C. Sterilizing the solutions by fdtering is not 
necessary. Thawing-fi-eezing cycles must be avoided. 
4.3. Preparation 
Prepare a stock solution at 5120 mg/L, 
Dilute as below. 
Concentration 
Initial solution Stock solution Diluent volume Obtained Final mg/L in 
(mg/L) (mL) (Mueller-Hinton broth) mg/L medium 
5120 1 9 512 256 
512 4 4 256 128 
512 2 6 128 64 
512 1 7 64 32 
512 1 15 32 16 
32 4 4 16 8 
32 2 6 8 4 
32 1 7 4 2 
32 1 15 2 1 
2 4 4 1 0.5 
2 2 6 0.5 0.25 
5. Material 
Mueller-Hinton broth 
Overnight broth culture of the strain to be studied or 
bacterial suspension of equivalent density (see above) 
Overnight broth culture of the reference strain or 
bacterial suspension of equivalent density (see above) 
Dilutions of the antibiotic (see below). 
5.1. Macrodilution method 
Arrange a series of sterile 0.8 X 6 cm capped-tubes 
(borosilicate glass, Pyrex@ and polypropylene or 
polyethylene materials are recommended) in a rack 
Screw-capped tubes 1.2 X 18 cm may also be used. 
Allow as many test tubes as antibiotic dilutions in 
Sterile 1-mL pipettes 
5.2. Microdilution method 
Disposable microtitration plates with 96 wells in ‘U’ 
Plastic sealing tape to cover the plates and prevent 
Eppendorf or equivalent 0.1-mL pipette and pipette 
addition to the growth control tube 
(8 X 12) 
evaporation during incubation 
tips 
Technical  r e c o m m e n d a t i o n s  for  in  v i t r o  suscept ib i l i ty  t e s t i n g  S23 
5.3. Quality control 
To check the validity of the antimicrobial susceptibility 
test method, the MICs of the reference strains are deter- 
mined the same day under the same conditions. 
5.3.1. Reference strains 
Staphylococcus aureus ATCC 25923 CIP 7625 
Escherichia coli ATCC 25922 CIP 7624 
Pseudomonas aetuginosa ATCC 27853 CIP 761 10 
Other bacteria [Enterococcusfaecalis ATCC 29212 (CIP 
103214), Staphylococcus aureus resistant to methicillin 
(CIP 6525)] may be studied for specific tests. 
5.3.2. Storage of reference strains 
Seed the lyophilized strains on Mueller-Hinton agar 
and broth. Check the purity of the strain and seed on 
Mueller-Hinton agar medmm. Leave overnight and 
then emulsi5 a few colonies of the bacterium in 1 mL 
of brain-heart broth supplemented with 100 pL of 
glycerol to obtain a thick suspension (greater than 2 on 
the McFarland scale). Transfer the preparation to a 
sterile cryogenic tube containing about 20 glass beads 
2 mm in diameter (Salvadori, Vaulx-en-Velin, France). 
Discard the excess liquid and, after labeling, immedia- 
tely freeze in liquid nitrogen in a freezer at -70°C. In 
these conditions, the strains can be stored almost 
indefinitely. Storage at -30°C should only be used as 
a temporary measure. A single bead can be sampled 
with sterile forceps without thawing the tube and used 
to seed an agar medium or Mueller-Hinton broth. 
Goggles and gloves should be worn when handling 
liquid nitrogen. The strains are given a number to 
indicate their origin followed by the suffix of the 
individual 1aborato1-y~~ (recommendation of the 
European Culture Collection Curator’s Organisation). 
The bacteria are subcultured each year. After two 
subculturings, 12 tubes are prepared according to the 
pro-cedure above and &om these subcultures are made 
each month for current use (e.g. one per working 
week). This method makes it possible to start each 
month from an initial tube and avoids too frequent 
subculturings. 
6. Preparation 
These determinations can only be undertaken if there 
are simultaneous control tests. Reference strains should 
therefore be used in each series of tests. 
6.1. Macrodilution 
6. I. 1. First day 
6.1.1.1. Distribution of antibiotic dilutions 
Place 1 mL of Mueller-Hinton broth (MHB) in a tube 
(control without antibiotic) and 1 mL of each dilution 
of the antibiotic in MHB from the lowest to the highest 
concentration in a series of tubes. The same 1-mL 
pipette may be used throughout the distribution (new 
pipettes are used for each succeeding distribution). 
6.1.1.2. Determination of MIC 
Prepare the inoculum as directed. If necessary check 
the inoculum as indicated. 
Check the purity of the inoculum by plating it on 
nutrient culture medium. 
Add to each tube with antibiotic and to the control 
tube 1 mL of suspension at 10‘ bacteria/mL (the final 
inoculum is 5 x lo5 bacteria/ml). Thoroughly shake 
the tubes and incubate at 35 to 37°C for 18 h. All 
tubes should be inoculated within 20 min of inoculum 
preparation. 
6.1.2. Second day 
Growth should be observed in the control tube before 
reading the results. 
In the drug-containing tubes, the endpoint is the 
lowest concentration for which there is no growth 
apparent on visual observation (usually against a black 
background with white bands) and it is recorded as the 
MIC. 
Some problems may occur in reading of MIC 
results: 
1. One tube with no growth is observed but growth 
is obvious in tubes at lower and higher concen- 
trations. The “skipped tube” should be ignored 
and the concentration that finally inhibits growth 
is recorded as the MIC. If more than one skipped 
tube occurs, the MIC determination should be 
repeated. 
2. Trailing endpoints may be seen in some circum- 
stances. 
The partial inhibition may result from contamination 
or growth of resistant variants (subcultures should be 
checked). It also occurs in tests with sulfonamides or 
trimethoprim: a 90% decrease in growth as compared 
with the growth control should be recorded as the 
MIC. 
6.1.3. Third day 
Record the growth of slow-growing bacteria. The 
observation is valid only if the antibiotics are not 
degraded in the experimental conditions used. 
6.2. Microdilution 
6.2.1. First day 
6.2.1.1. Distribution of antibiotic dilutions 
Place 0.1 mL of MHB in a well (growth control) and 
0.1 mL of each dilution of the antibiotic in MHB 
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fiom the lowest to the highest concentration in the 
corresponding wells. The same pipette tip may be used 
throughout the distribution (new pipette tips are used 
for each succeedmg distribution). 
6.2.1.2. Determination of MIC 
Prepare the inoculum as directed. If necessary check 
the inoculum as indicated. 
Check the purity of the inoculum by plating it on 
nutrient culture medium. 
Add to each well with antibiotic and to the growth 
control 0.1 d of suspension at lo6 bacteria/mL (the 
final inoculum is 5 x lo5 bacteria/d). Gently shake 
the plate. Cover it with sealing tape and incubate at 35 
to 37°C for 18 h (humid atmosphere is required). 
6.2.2. Second day 
Growth should be observed in the control well before 
reading the results. 
In the drug-containing wells, the endpoint is the 
lowest concentration for which there is no growth 
apparent on visual observation (usually against a black 
background with white bands) and it is recorded as the 
MIC. 
Some problems may occur in reading of MIC 
results: 
1. One well with no growth is observed but growth 
is obvious in wells at lower and higher concen- 
trations. The “skipped well” should be ignored 
and the concentration that finally inhibits growth is 
recorded as the MIC. If more than one skipped 
well occurs, the MIC determination should be 
repeated. 
2. Trailing endpoints may be seen in some circum- 
stances. 
The partial inhibition may result from contamination 
or growth of resistant variants (subcultures should be 
checked). It also occurs in tests with sulfonamides or 
trimethoprim: a 90% decrease in growth as compared 
with the growth control should be recorded as the MIC. 
6.2.3. Third day 
Record the growth of slow-growing bacteria. The 
observation is valtd only if the antibiotics are not 
degraded in the experimental conditions used. 
7. Expression of the results 
7.1. Validation of the method 
Check the controls for growth. 
tion and appropriate size. 
Check the inoculum subcultures for contamina- 
Check the MIC observed for the control strains: it 
should correspond to the expected values (see standard 
No. 3, section 7.1). 
7.2. Results 
The above requirements should be fulfilled and 
recorded. 
Indicate the concentration corresponding to the 
MIC in mg/L or in I U / d  (International Units) for 
certain antibiotics. 
Notes 
1. Strains in this category form a heterogeneous group for 
whch MIC alone is not a predictable factor of successful treatment. 
Certain strains express low-level resistance and are categorized 
as S. Some, however, are resistant to treatment in vivo. Although 
there are few, or no, clinical observations, the risk of unsuccessful 
treatment does exist. 
A small number of strains express resistance (by a known or 
unknown mechanism) but not sufficiently to warrant inclusion 
in the resistant category. MICs for these strains may be attainable 
by therapy in certain conditions (high local concentrations or 
higher doses). 
Some strains express resistance which, whde not high enough 
to warrant their inclusion in the resistant category, may be 
enhanced in vivo during treatment. 
The intermediate category is also a buffer zone in the case of 
technical and biological uncertainties. (In a categorization of 
strains into S ,  I and R on the basis of critical concentration, 
bacteria whose MIC is close to critical concentrations may be 
falsely classified as I.) 
2. In Enghsh, Minimal Inhibitory Concentration (MIC). In 
German, Minimal Hemmkonzentration (MHK). 
3. Each year the CA-SFM publishes an update of the critical 
concentrations of antibiotics. 
4. The concentration may vary according to the origin of the 
agar. 
5. This corresponds, for example, to 20 to 30 mL of memum 
for dishes 9 cm in diameter and to 40 to 50 mL for those with a 
diameter of 12 cm. The depth has an effect on colony size. A 
uniform depth of about 4 mm is recommended for susceptibhty 
testing by the agar diffusion method. 
6 .  The maximum storage time depends on the stability of the 
antibiotic, and in certain cases storage time must be shorter. 
Irrespective of this factor, media can dry up or be modified as 
the result of prolonged storage. Temperature must be checked 
carefdy for instance using a min-max thermometer. 
7. These concentrations are lower than or equal to those of 
solid medium. The lower limit corresponds to recommendations 
in other countries and is given to allow the use of foreign 
commercial media. 
8. These specifications reduce the carryover of thymidine on 
transfer of the inoculum. 
9. Growth is never exponential, because it is h t e d  either by 
the lack of substrate or by bacterial density. In most cases the 
technique allows the study of a bacterial population in the active 
growth phase. 
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10. The expression ‘bacter ia ld  in this document is the same 
as colony-forming units/mL or CFU/mL. 
11. An inoculum of lo8 bacteria can be obtained by calibrating 
the photometer for this bacterial density. However, it is more 
dlfficult to obtain because it is close to the growth plateau. 
12. The McFarland standard is a suspension of barium sulfate, 
which must be stored in sealed tubes for no longer than 1 year. 
Reagent A is a solution in water of 1% barium chloride (w/v), 
reagent B is 10% sulfuric acid (v/v). To obtain McFarland 
M standard, add 0.1 X M mL of reagent A to (10 to 0.1 X M) mL 
of B (McFarland 2: 0.2 mL of A and 9.8 mL of B). 
13. Place the inoculum and four or five beads 5 to 7 mm in 
diameter in the dlsh and rotate with a back-and-forward motion. 
Remove the beads with sterile forceps or by emptying out into 
a sterile vessel containing disinfectant. 
14. Below 30 colonies, the sampling error is great. Above 300 
colonies, the error due to confluence is too great. 
15. A volume of 0.1 mL of a 1:lOOO dilution giving n=20 
colonies on agar, N= (20 X 1000)/0.1= 200 000 bacteria/mL. 
The standard deviation on numbering is s = d n  (Poisson 
dlstribution approximating the binomial dlstribution) and gives 
information on the sampling error (hence N = 200000+ 
44 700). In addltion to the inherent sampling error, there are 
errors in volume measurement, which can be estimated by 
multiplying the measurements. 
16. Bear in mind the risk of explosion during the handling of 
solvents not commonly used in bacteriology and the risks of 
intoxication (methanol). 
17. Strain X Y Z  123 must therefore be redesignated as X Y Z  
123/U102-1, where the laboratory code is U102 and 1 indicates, 
for example, the number of subcultures. 
18. The concentration may vary according to the origin of the 
agar. 
19. Temperature must be checked every week, for instance 
using a min-max thermometer. 
20. These concentrations are lower than or equal to those of 
solid medium. The lower limit corresponds to recommendations 
in other countries and is given to allow the use of foreign 
commercial media. 
21. These specifications reduce the carryover of thymidine on 
22. The expression ‘bacteria/mL’ in ths  document is the same 
23. Distilled water may yield inconsistent results. 
24. The McFarland standard is a suspension of barium sulfate, 
which must be stored in sealed tubes and for not longer than 1 
year. Reagent A is a solution in water of 1% barium chloride 
(w/v), and reagent B is 10% sulfuric acid (v/v). To obtain 
McFarland M standard, add 0.1 XM mL of reagent A to (10 to 
0.1 XM)mL of B (McFarland 2: 0.2 mL of A and 9.8 mL of B). 
transfer of the inoculum. 
as colony-forming units/mL or CFU/mL. 
25. This technique differs from that recommended by the 
NCCLS in that the inoculum is smaller. 
26. Errors in measurement due to the depth of the agar or to 
the height of the dlsh (parallax error) can adversely affect 
precision. This problem does not arise if sliding calipers, which 
can be placed close to the bacterial culture, are used. 
27. Strain X Y Z  123 must therefore be redesignated as X Y Z  
123/U102-1, where the laboratory code is U102 and 1 indicates, 
for example, the number of subcultures. 
28. These concentrations are lower than or equal to those of 
solid medium. The lower limit corresponds to recommendations 
in other countries and is given to allow the use of foreign 
commercial medla. 
29. The maximum storage time depends on the stabhty of the 
antibiotic and in certain cases storage time must be shorter. 
Irrespective of this factor, media can dry up or be modified as a 
result of overlong storage. Temperature must be checked 
carefully, for instance using a min-max thermometer. 
30. Growth is never exponential, because it is limited either by 
the lack of substrate or by bacterial density. In most cases the 
technique allows the study of a bacterial population in active 
growth phase. 
31. The expression ‘bacteria/d in this document means the 
same as colony-forming units/mL or CFU/mL. 
32. The McFarland standard is a suspension of barium sulfate, 
which must be stored in sealed tubes for no longer than 1 year. 
Reagent A is a solution in water of 1% barium chloride (w/v), 
and reagent B is 10% sulfuric acid (v/v). To obtain McFarland M 
standard add 0.1 XM mL of reagent A to (10 to 0.1 XM) mL of 
B (McFarland 2: 0.2 mL of A and 9.8 mL of B). 
33. Place the inoculum and four or five beads 5 to 7 mm in 
diameter in the dlsh and rotate with a back-and-forward motion. 
Remove the beads with sterile forceps or by emptying out into 
a sterile vessel containing dlsinfectant. 
34. Below 30 colonies, the sampling error is great. Above 300 
colonies, the error due to confluence is too great. 
35. A volume of 0.1 mL of a 1:lOOO dilution giving n =  20 
colonies on agar, N = (20 X 1000)/0.1 = 200 000 bacteria/mL. 
The standard deviation on numbering is s = d n  (Poisson 
distribution approximating to the binomial dlstribution) and 
gives information on the sampling error (hence N= 200 000 5 
44 700). In addition to the inherent sampling error, there are 
errors in volume measurement, which can be estimated by 
multiplying the measurements. 
36. Bear in mind the risk of explosion during the handling of 
solvents not commonly used in bacteriology and the risks of 
intoxication (methanol). 
37. Strain X Y Z  123 must therefore be redesignated as X Y Z  
123/U102-1, where the laboratory code is U102 and 1 indicates, 
for example, the number of subcultures. 
